Acute respiratory infections (ARIs) are among the leading causes of childhood morbidity and mortality in Africa. The effects of climatic factors on occurrence of ARIs in the tropics are not clear. During the years 2006-07, we reviewed the clinical registers of the Chantal Biya Foundation (CBF), Yaounde´, Cameroon, paediatric hospital to investigate the association between climatic factors and ARIs in children. Our findings show that rain, high relative humidity and low temperatures are directly associated with an increase in the frequency of hospitalization from ARIs. Given the high frequency of hospitalization from ARIs we suggest that influenza vaccination campaigns should be implemented taking into account the seasonality in Cameroon.
Introduction
Acute respiratory infections (ARIs) are among the leading causes of childhood morbidity and mortality throughout the world [1] . In particular, pneumonia kills >2 million children <5 years of age every year, that is more than AIDS, malaria and measles combined [2] . About 70% of the deaths occur in Africa and Southeast Asia [3] , where pneumonia and other ARIs are outnumbered only by malaria [3, 4] .
In Africa, ARIs represent an important cause for use of health services, and the most frequent cause for hospitalization, accounting for 12-35% of all hospital admissions [5] ; of these, 70-80% are due to pneumonia [1] . Most severe cases are caused by bacterial pathogens, and treatment with a full course of effective antibiotics may be life-saving [6] .
There is a lack of information about the effect of climatic factors and seasonal patterns of hospitalization for ARIs and/or pneumonia in the tropics. To this regard, a few studies conducted in tropical or subtropical countries in Asia have found some seasonal variation in viral respiratory infections [7] [8] [9] , whereas a Brazilian study found that seasonal mortality from pneumonia and influenza was less pronounced in tropical areas [10] . To our knowledge, with the exception of a study conducted in South-Africa, there are no relevant data about seasonal patterns of respiratory tract infection (RTI) in Africa.
To fill the current gap in knowledge, we conducted a study in Yaounde´, Cameroon, in 2006 and 2007, in order to evaluate the trend of hospitalization and to describe the characteristics of the patients affected by ARIs.
Methods
The study was based at the paediatric hospital of the 'Chantal Biya Foundation' (CBF) of Yaounde´, Cameroon. The clinical registers of the five units of the CBF hospital were reviewed to collect individual data regarding age, gender, area of residence, diagnosis of other concomitant diseases, antibiotic treatment, date of hospital admission and clinical outcome. All patients admitted to the hospital during the years 2006-07 were considered. ARI was defined by the presence of fever and at least one respiratory symptom, and classified as lower RTI (LRTI; bronchitis, bronchiolitis, pneumonia, pleuritis) or upper RTI (URTI; rhinitis, pharingitis, tracheitis) on the basis of clinical signs/symptoms and chest X-ray. Data of minimum and maximum temperatures, relative humidity and number of days with rain for each month (a rainy day being a 24 h period with at least 0.1 mm of rainfall), for the city of Yaounde´were obtained from the National Meteorological Institute of Cameroon.
Negative binomial regressions were fitted with weather variables, seasonal components (three pairs of sine and cosine terms to capture seasonality) and time-trend components (linear term to capture secular trend). Weather variables were standardized about the mean.
The analyses were repeated selecting only LRTIs or URTIs. Because of the acknowledged seasonality and the similar clinical presentation of malaria with pneumonia in tropical and subtropical climates [11] , analyses that include and exclude malaria cases were carried out. The effect of malaria cases was also studied separately for LRTI or URTI. All analyses were carried out in STATA 10.0. Results from the negative binomial regression are reported in Table 2 . The risk of hospitalization for ARI increased by 41% per unit increase in relative humidity (RR: 1.41; 95% CI 1.13, 1.77). Taking seasonality and trend into account the association was still statistically robust although the rate ratio (RR) decreased from 1.41 to 1.22 (1.07, 1.40). Precipitation was directly associated with frequency of hospitalization for ARIs after adjustment for seasonality and trend, 1.12 (1.06, 1.18). Significant associations were seen for maximum (1.94: 1.34, 2.81) and minimum temperatures (0.72: 0.59, 0.87).
A total of 391 cases (30%) had at least one concomitant disease at the time of admission to hospital (322 had malaria, 69 were HIV positive). To investigate whether the association with climate variables could depend on the variation in the pattern of hospitalization for concomitant diseases, analyses were repeated after the exclusion of malaria. 
Discussion
This study shows a clear seasonal trend for ARIs with peaks occurring from October to November. These peaks were associated with higher precipitations, high relative humidity and lower minimum temperatures independently from seasonality and annual trend. Similar results were obtained after the exclusion of malaria cases and for LRTI.
A few studies conducted in tropical or subtropical countries have found some seasonal variation in respiratory infections [7] [8] [9] . This association was less apparent than in temperate areas [10] . Nevertheless, a review carried out in 2003 showed that respiratory syncytial virus (RSV) and influenza outbreaks were correlated with the rainy season in the tropics [12] , whereas other viruses were either endemic throughout the year, detected sporadically or associated with epidemics [12] . A study carried out in Singapore between 1990 and 1994 found that the RSV peaks were associated with lower relative humidity [8] . Another study carried out in Dakar found that influenza peaks were related with high rainfall, high relative humidity and high (average) temperatures [13] . High temperatures (maximum or average) were also positively associated with the transmission of influenza in some provinces of southern Thailand and in Pune [14] [15] [16] .
In general, seasonality is caused by factors that modify components of the basic reproductive number (the average number of secondary infectious cases resulting from the introduction of an infected case into a totally susceptible population) by altering the behaviour (e.g. an increase in contact rates during school terms and a decrease during vacation) and the immunity state of the host (e.g. the immune system is weakened by harsh weather conditions and poor nutrition) [17, 18] , the biology and presence of the pathogens [19] and the host-pathogen interaction [20] . A possible explanation for the seasonality pattern observed in our study is that, exposure to high maximum temperatures may increase children's susceptibility to respiratory infections because of the effects of high temperatures and of hot winds in particular on the mucus membranes of the nose. The exposure to heavy rain and high humidity may also lead to: (i) overcrowding of susceptible individuals indoor, and (ii) exposure of children to smoke from cooking and heating fuels that may decrease children's respiratory defence [12, 17] . Another possible Before drawing conclusions, some limits and possible biases of the study should be mentioned. First, our study period was limited to 2 years. Second, though the site of our study is the only paediatric hospital in Yaounde´; children affected by ARIs could have attended paediatric departments at other hospitals. Third, other environmental factors not investigated in this study may influence seasonality apart from climate.
Although we acknowledge the above mentioned limits, the study has at least two important strengths. First, this is one of the few studies that evaluates the association between ARIs and several climatic factors in the tropics. Second, we were able to distinguish between ARIs and cases of malaria.
It is important to investigate longer time-series to better understand dynamics and risk factors for ARIs in tropical areas. Studies should take household wealth into account as this can confound the association between climate variation and ARIs. Given the high frequency of hospitalization for ARIs we suggest that influenza vaccination campaigns should be implemented in Cameroon. If our findings are confirmed in other studies these campaigns should also take seasonality into account. Preventing influenza spread will contribute to reduction in the economic impact of hospitalization.
